A novel bacterial strain belonging to the genus Roseomonas was isolated from the trunk surface of a mono maple (Acer mono) tree growing in the Shirakami Mountains. The strain, designated R-1 T , was Gram-negative, non-motile, and oval-rod, and formed reddish colonies on agar plates, as has previously been described for Roseomonas species. Although motility was not observed, cells were peritrichously flagellated. Strain R-1 T preferred organic acids over carbohydrates as growth substrates. The major cellular fatty acid was C 18:1 ω7c (48.79%). Ubiquinone-10 was the major respiratory quinone. Strain R-1 T demonstrated the highest 16S rRNA gene sequence similarity with Roseomonas pecuniae N75 T (96.9%). Phylogenetic analysis based on 16S rRNA gene sequences confirmed that strain R-1 T was a member of the genus Roseomonas and formed a cluster with R. pecuniae N75 T . DNA-DNA hybridization between strain R-1 T and R. pecuniae N75 T yielded 21.7% relatedness. On the basis of its phenotypic, phylogenetic, and chemotaxonomic characteristics, strain R-1 T represents a novel species within the genus Roseomonas, for which the name Roseomonas aceris sp. nov. has been proposed. The type strain is R-1 T (NBRC 109410 T = DSM 26554 T ).
Introduction
The genus Roseomonas is a member of the family Acetobacteriaceae of α-proteobacteria and currently comprises 17 species and 2 subspecies (http://www.bacterio. cict.fr/). The discriminatory characteristic of strains of the genus Roseomonas is the formation of pink-to-red colonies on agar plates; spirilloxanthin has been identified as a carotenoid pigment from strains of Roseomonas aestuarii and R. cervicalis (Venkata Ramana et al., 2010) . While strains of Roseomonas are commonly known to be secondary or opportunistic pathogens and are frequently isolated from patients with cancer, AIDS, multiple myeloma, non-Hodgkin s lymphoma, and diabetes (Weyant and Whitney, 2005) , several Roseomonas species have been isolated from various environmental specimens such as marine water (Venkata Ramana et al., 2010) , pond water (Furuhata et al., 2008) , a copper-alloy coin (Lopes et al., 2011) , soil (Zhang et al., 2008) , air (Kim et al., 2013; Yoo et al., 2008) , and a banana phyllosphere (Nutaratat et al., 2013) . In this paper, we report the taxonomic study of a novel Roseomonas species isolated from the trunk surface of a mono maple, called Itaya Kaede in Japanese.
Materials and Methods
The sampling site was at the Shirakami Natural Science Park of Hirosaki University (40 31 6.5 N, 140 12 56 E), located in the Shirakami Mountains (Shirakami Sanchi in Japanese), a partial area of which (core zone and buffer zone) was registered as a natural heritage site in 1994. The trunk surface (ca. 10 cm 2 ; 1.5 m from the ground) of a mono maple, Acer mono, which grew in the park, was wiped with a moist sterile cotton swab (Wipe Check, Sato Kasei Kogyosho). The swab was dipped in 10 ml of sterilized PBS to suspend the swabbed organisms. One hundred microliters of the suspension was spread onto R2A (Difco) plates, and the plates were incubated at 30 C. Bacterial colonies formed on the plates were purified by transfer to fresh medium several times. One of the isolates, designated strain R-1 T , which formed light red-colored colonies, was selected for further taxonomic study. Strain R-1 T grew better on R2A and ISP Medium No. 2 (Shirling and Gottlieb, 1966 ) than on nutrient agar (Difco) and tryptic soy agar (Difco); hence, it was routinely maintained on R2A under aerobic conditions. Unless otherwise stated, cells were grown on R2A for 4 days at 30 C for characterization studies. Roseomonas pecuniae N75 T used for comparative studies with strain R-1 T was obtained from Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ) and treated under the same experimental conditions as strain R-1 T .
The morphology and motility of cells were examined by light microscopy (BH50; Olympus). Flagella formation was observed by transmission electron microscopy as follows: cells from the exponential growth phase were washed with distilled water and resuspended in distilled water; the cells were then transferred onto carbon-Formvar copper grids followed by staining with 0.5% phosphotungstic acid (pH 7.2) and examined in a JEOL-JEM2000EX transmission electron microscope. Motility was checked by microscopic observation and confirmed using the semi-solid deep agar method. Gram staining was performed using a Favour Nissui G kit (Nissui Pharm). The Ryu KOH test (Ryu, 1940) was performed as described by Powers (1995) . Anaerobic growth was examined on R2A using the Anaero-Pack system (Mitsubishi Gas Chemicals). The temperature range for growth was determined at 4, 10, 15, 20, 25, 28, 30, 33, 35, 37 , and 40 C. The pH range for growth was determined in ISP Medium No. 2 adjusted to pH between 5.0 and 10.0 in increments of 0.5. The following buffer solutions were used to adjust the pH: pH 5.0 8.0, NaOH/KH 2 PO 4 ; pH 8.0 10.0, Na 2 CO 3 /NaHCO 3 . The influence of NaCl on growth was examined in ISP Medium No. 2 supplemented with 0 10% (w/v) NaCl in increments of 0.5%. The effects of temperature, pH, and salinity on growth were evaluated by daily observation up to 30 days of incubation. Catalase activity was determined by suspending cells in 3% H 2 O 2 ; if O 2 bubbles were observed, it was evaluated as positive. Oxidase activity was determined by using Oxidase Identification Sticks (Oxoid). Simmons citrate test was conducted on Simmons citrate agar (Smibert and Krieg, 1994) . Voges-Proskauer, methyl red, nitrate reduction, and H 2 S production tests and the ability to hydrolyze starch, casein, DNA, Tween 20, and Tween 80 were examined as described by Smibert and Krieg (1994) . Acid production from various organic substrates was determined using API 50CH strips.
For determination of growth substrates, Yeast Nitrogen Base w/o Amino Acids (YNB w/o AA, Difco) (0.67%), supplemented with 0.02% yeast extract and adjusted to pH 7.0, was used as the basal medium. Separately sterilized substrates were added to the basal medium to a final concentration of 1.0% (carbohydrates) or 0.1% (sodium or potassium salts of organic acids). Incubation was carried out for up to 30 days, and growth was examined by monitoring OD 600 with an absorption spectrophotometer (Shimadzu UV mini 1240). The following substrates were tested: glycerol, Some biochemical properties were evaluated on API 20E, API 20NE, and API ZYM strips (bioMérieux) in accordance with the manufacturer s instructions. Susceptibility to antibiotics was determined according to the disc diffusion method using Sensi-Disc Susceptibility Test Discs (BBL). Inhibition zones of 30 mm in diameter indicated antibiotic susceptibility, while the absence of zones of inhibition was interpreted as antibiotic resistance. Inhibition zones of 30 mm in diameter were considered to represent intermediate susceptibility.
Cellular fatty acids were prepared according to Miller (1982) from lyophilized cells that had been grown on R2A plates for 4 days at 30 C, and were analyzed on a GC according to Miller (1982) . For the preparation of respiratory quinones, cells grown in ISP Medium No. 2 for 4 days at 30 C, with reciprocal shaking at 100 rpm, were used. Quinones were prepared from lyophilized cells by using the method described by Nishijima et al. (1997) and were analyzed using an HPLC according to the method described by Kroppenstedt (1982) . Genomic DNA was prepared from lysozyme-treated cells according to the method reported by Marmur (1961) . The G+C content (mol%) was estimated with an HPLC method by using a Yamasa GC kit (Yamasa). DNA-DNA hybridization was performed according to the method reported by Ezaki et al. (1989) , as modified by Dianou et al. (2001) .
The nearly full-length 16S rRNA gene of strain R-1 T was amplified from purified genomic DNA by using TaKaRa EX-Taq (TaKaRa) with the bacterial universal primer pair 27f (5 -AGAGTTTGATCMTGGCTCAG-3 ) and 1492R (5 -T ACGGYTACCTTGTTACGACT-3 ). The PCR conditions were as follows: initial denaturation at 95 C for 5 min, followed by 30 cycles each of denaturation at 95 C for 30 s, annealing at 54 C for 20 s, and extension at 72 C for 30 s with a final extension at 72 C for 10 min. The amplified products were checked on an agarose gel to confirm that products of the expected size had been generated. The products were purified with a MagExtractor TM PCR & Gel Clean-up kit (TOYOBO) and directly sequenced by the dye terminator method on an ABI 3500 Genetic Analyzer (Applied Biosystems, Perkin-Elmer). The 16S rRNA gene sequence so obtained was deposited in GenBank/EMBL/ DDBJ under accession number AB743853. Phylogenetic analyses were performed using the MEGA 5 program (Tamura et al., 2011) . The 16S rRNA gene sequences of strain R-1 T and the related type strains of the genus Roseomonas, retrieved from GenBank/EMBL/DDBJ databases, were aligned using MUSCLE (Edgar, 2004) and the alignment was edited manually. Evolutionary distances were calculated using the maximum composite likelihood method (Tamura et al., 2004) and the phylogenetic tree was constructed using the neighbor-joining method (Saitou and Nei, 1987) , with 1,000 bootstrap resamplings. All positions containing gaps and missing data were eliminated from the data set.
Results and Discussion
A bacterial strain designated R-1 T was isolated from the trunk surface of an Acer mono tree growing in the Shirakami Mountains. Colonies of strain R-1 T that formed on R2A after 4 days incubation at 30 C were 0.8 1.2 mm in diameter, convex, and smooth, and had entire margins. The color of the colonies was light red. Cells were Gram-negative, non-motile, non-spore-forming, oval rods (1.0 1.2 1.5 µm) occurring singly or occasionally in pairs (Fig.1a ). Rod-shaped cells (1.2 1.5 3.0 3.5 µm), relatively longer in length than oval-rod cells, or coccoid cells (1.0 µm) were occasionally found (Fig. 1a ). Although motility was not observed in any culture conditions tested, peritrichous flagellation was detected under a transmission electron microscope (Fig. 1b) . The KOH test was negative for a 24-h culture but became positive after 48-h incubation. In liquid culture, cell aggregation occurred, causing precipitation in the medium; the precipitates were, however, easily dispersed by vigorous shaking because of the weak aggregation. Strain R-1 T could not grow in anaerobic conditions. Strain R-1 T was mesophilic, with a growth temperature ranging between 10 C and 35 C, with an optimum at 30 C. Strain R-1 T could grow weakly in medium containing 1% NaCl, but not in medium containing 1.5% NaCl. The pH range for growth was between 6.0 and 9.0, with an optimum at pH 7.0. Strain R-1 T used D-glucose, D-fructose, D-mannose, gluconate, D-malate, L-malate, fumarate, 2-oxoglutarate, succinate, and pyruvate as growth substrates. Better growth occurred on organic acids than on carbohydrates; the best substrates for growth were L-malate, fumarate, 2-oxoglutarate, succinate, and pyruvate. Yeast extract (0.01%) was essential for growth and the growth was promoted by an increase in the yeast extract up to 0.2%. The following results were positive: catalase and oxidase activities; Tween 20 and starch hydrolysis (weak). The following results were negative: Tween 80, casein, DNA, and gelatin hydrolysis; indole and H 2 S production; nitrate reduction; Simmons citrate, methyl red, and Voges-Proskauer tests.
On API systems, positive results were obtained for the following: alkaline phosphatase, C4 esterase, acid phosphatase, and naphthol-AS-BI-phosphohydrolase C8 esterase lipase for API ZYM; urease for API 20E and API 20NE. On the API 50CH system, no acid production was observed from any of the carbon sources supplied.
Strain R-1 T was susceptible to ciprofloxacin (5 µg), novobiocin (30 µg), chloramphenicol (30 µg), erythromycin (15 µg), kanamycin (30 µg), and tetracycline (30 µg), but resistant to vancomycin (30 µg). Intermediate susceptibilities were noted for amikacin (30 µg), gentamicin (10 µg), Table 2 . C 18:1 ω7c (48.79%) was the major fatty acid followed by C 16:0 (18.01%). Roseomonas pecuniae N75 T , the closest relative of strain R-1 T , also had C 18:1 ω7c (58.11%) as the major fatty acid, but the fatty acid profile was somewhat different from that of strain R-1 T ( Table 2 ). The major respiratory quinone was ubiquinone-10; this is a common characteristic of previously described Roseomonas species (Weyant and Whitney, 2005; Lopes et al., 2011; Kim et al., 2013) . The G+C content of genomic DNA was 72.8 mol%. The DNA-DNA relatedness between strain R-1 T and R. pecuniae N75 T was 21.7%.
A gene database search revealed that the 16S rRNA gene of strain R-1 T showed similarities (~ 96.9%) with that of type strains of Roseomonas species. The 16S rRNA gene sequence similarities of strain R-1 T with R. pecuniae N75 T (Lopes et al., 2011) , R. gilardii subsp. rosea MDA5605 T (Han et al., 2003) , R. aerilata 5420S-30 T (Yoo et al., 2008) , and R. vinacea CPCC 100056 T (Zhang et al., 2008) were 96.9%, 95.6%, 95.5%, and 95.4%, respectively. The NJ tree (Fig. 2) , constructed based on 16S rRNA gene sequences, confirmed the placement of strain R-1 T within the genus Roseomonas. In this tree, strain R-1 T was clustered with R. pecuniae N75 T with a bootstrap value of 69% (Fig. 2) . This clustering was also supported in the ML tree with a bootstrap value of 67%. The 16S rRNA gene sequence similarity (96.9%) between strain R-1 T and the type strain of R. pecuniae N75 T was lower than that of the criterion used for bacterial species delineation (97%) (Stackebrandt and Goebel, 1994) , suggesting that strain R-1 T and R. pecuniae N75 T can be considered different species. Although the similarity (96.9%) was very close to the criterion value (97%), the DNA-DNA relatedness between strain R-1 T and R. pecuniae N75 T was only 21.7%, which is appreciably lower than the threshold value of 70% for the definition of bacterial species (Wayne et al., 1988) , supporting the discrimination of strain R-1 T and R. pecuniae N75 T .
We performed comparative studies between strain R-1 T and R. pecuniae N75 T to confirm their discrimination. Many characteristics were shared by both strains, as follows: positive for hydrolysis of Tween 20 and activities of catalase and oxidase; negative for Gram-staining, motility, spore formation, anaerobic growth, acid production, hydrolysis of DNA, casein, and gelatin, Simmons citrate test, production of H 2 S and indole, and Voges-Proskauer test. However, some characteristics were clearly different as shown in Tables 1 and 2. In addition, as seen in the liquid culture of strain R-1 T , cells of R. pecuniae N75 T aggregated to form precipitates; this aggregation was so unyielding that it was difficult to disperse the precipitates by shaking, which was in contrast to the findings for strain R-1 T . Moreover, due to the unyielding cell aggregation, colonies of R. pecuniae N75 T formed on agar plates were relatively resilient to contact with a loop or needle, compared to those of strain R-1 T . Both strain R-1 T and R. pecuniae N75 T required yeast extract (0.01%) for growth in YNB w/o AA-based defined medium. The growth of strain R-1 T was promoted by an increase in the concentration of yeast extract, up to 0.2%, as stated previously, whereas the growth of R. pecuniae N75 T was not affected by the additional yeast extract.
Based on the evidence described here, we concluded that strain R-1 T could be discriminated from R. pecuniae N75 T and represents a novel Roseomonas species, for which the name Roseomonas aceris has been proposed. Although, at this time, the ecology of strain R-1 T is not clear, the preference of strain R-1 T for organic acids as growth substrates may be relevant to its habitat; strain R-1 T may utilize some organic acids released from inside the tree or those included in stem flow.
Description of Roseomonas aceris
Roseomonas aceris (a ce.ris. L. gen. n. aceris of Acer, pertaining to the habitat from which the type strain was isolated). Cells of strain R-1 T are Gram-negative, aerobic, and non-motile oval-rods. Most cells are 1.0 µm in width and 1.2 1.5 µm in length, occurring singly or occasionally in pairs. Rod-shaped cells with round ends (1.2 1.5 3.0 3.5 µm) or coccoid cells (1.0 µm) occasionally appear. Four-day-old colonies on R2A are 0.8 1.2 mm in diameter, light red in color, convex, and smooth, with entire margins. No growth occurs under anaerobic conditions. The temperature range for growth is 10 35 C, with an optimum at 30 C. The pH range for growth is 6.0 9.0, with an optimum at pH 7.0. The range of NaCl concentrations for growth is 0 1%, and no growth occurs at 1.5%. Catalase and oxidase positive. Tween 20 hydrolysis is positive. Starch hydrolysis is weakly positive. Negative for hydrolysis of casein, DNA, gelatin, and Tween 80, production of indole and H 2 S, nitrate reduction, and Simmons citrate, methyl red, and Voges-Proskauer tests. On the API ZYM system, positive for alkaline phosphatase, C4 esterase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, and C8 esterase lipase. On the API 20E and API 20NE systems, positive for urease. On the API 50CH system, acid is not produced from the supplied carbon sources. The following compounds are used as growth substrates: D-glucose, D-fructose, D-mannose, gluconate, D-malate, L-malate, fumarate, 2-oxoglutarate, succinate, and pyruvate. Glycerol, D-arabinose, D-arabinose, D-ribose, D-xylose, D-galactose, L-sorbose, L-rhamnose, myo-inositol, D-mannitol, D-sorbitol, salicin, D-cellobiose, D-maltose, D-lactose, D-melibiose, D-sucrose, D-trehalose, D-melezitose, D-raffinose, D-turanose, D-tagatose, L-fucose, citrate and DL-lactate do not support growth. Susceptible to ciprofloxacin (5 µg), novobiocin (30 µg), chloramphenicol (30 µg), erythromycin (15 µg), kanamycin (30 µg), and tetracycline (30 µg) and resistant to vancomycin (30 µg). The major respiratory quinone is ubiquinone-10. The major cellular fatty acids are C 18:1 ω7c, C 16:0 , and Summed feature 3 (C 15:0 iso 2-OH/C 16:0 ω7c). The G+C content is 72.8 mol%.
The type strain R-1 T (NBRC 109410 T = DSM 26554 T ) was isolated from the trunk surface of a mono maple.
